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Shis  Latorat:ry  Isas  completed  Pba.se  III  of  the  Tuttgstea  Billet  Round  BoMn, 
This  is  a  reinfection,  after  silver  infiltration.,  of  the  Phase  I  billets  AG2230 
a»a  AGS231  (zj-jW  mMxired  AG2230A  and  AG2231A), 

Shis  report  covers  the  following  subjects: 

i.0  Immersed  anti  contact  inspection  at  normal  inci&ance;  chord  shot 
(shear  wave}  immersed  only, 

2o  Longitudinal  velocity  of  sound  measurements  using  contact  thru® 
ray  technique* 

3c  Effect  of  grain  siae  on  transducer  frequency, 

4,  A  preferred  inspection  procedure  utilising  automatic  compensation 
of  gain  for  defect  depth, 

1,  Ultrasonic  Results  of  Defects  Noted, 

All  results  reported  below  were  obtained  using  the  immersion  method  at  a 
frequency  of  5  me,  The  transducer  used  was  a  0,5  inch  diameter  Branson  "S" 
(timed)  with  a  water  pate  of  3  inches,  The  equipment  used  was  tee  Iraaeracope 
with  provision  for  automatic  scanning  and  recording.  The  Immerscope  sensitivity 
was  adjusted  using  ten  AGO  silver  infiltrated  reference  standard,  the  reference 
holes  put  in  tea  billets,  and  the  URL  reference  standard  made  by  Firth  Sterling, 
She  eensitAvity‘  control  was  ad  jus-tad  for  100$  (Full  Scale)  reflected  signal 
amplitude  from  the  #3  flat  bottom  hole  (SBH),  The  recorder  firing  level  was 
adjusted  to  record  a  signal  amplitude  of  50$  of  full,  scale  and  greater  which 
appeared  in  tee  gate,  The  equipment  sensitivity  and  recorder  firing  level  xrere 
rechecked  after  each  test  to  insure  identical,  inspection  conditions,  The 
Sensitivity  Time  Control  (STC)  was  used  for  all  inspections,  This  is  explained 
in  detail,  in  Section  K 

(A)  Billet  AG  223QA 


Normal  Incidence  =>  Immersed 

In  order  to  eliminate  the  necessity  of  continuous  mcoitoring  of  the  equipment 
to  determine  defect  depth,  tee  gating  and  recording,  circuit  were  adjusted  in  incre® 
meats  of  one  inch.  As  can  be  seen  in  Figure  1,  much  time  vao  saved  3ince  -She 
majority  of  ter  “defects"  appeared  at  a  depth  of  If  to  5  inches, 

The  billet  was  also  inspected,  bottom  up,  The  only  defects  found  were  at  a 
depth  of  3«5  to  5  inches  from  tee  bottom.  Figure  2  is  a  recording  of  the  various 
defect  areas.  An  interesting  feature  of  tee  test  results  is  tea  amount  of  "edge 
effect"  which  is  very  obvious  in  Figures  1  ana  2,  This  is  due  to  a  slight  machined 
bevel  which  was  on  bote  the  inner  and  outer  diameters  of  both  ends  of  the  billet. 
Actually,  we  did  use  -tee  electrician’s  tape  technique  which  we  described  in  the 
Bhase  I  Report-1*  but  the  bevel  introduced  some  additional  edge  effect. 
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Shear  Wave  (Chord  Shot)  Immersed 

A  shear  wave  chord  shot  of  the  un tapered  portion  of  the  cylindrical  section 
wae  made  in  both  a  elockxrisG  and  coimtor-cloekv3.se  direction,  She  angle  of 
incidence  used  was  20°  giving  a  shear  wave  of  34°  into  the  billet,  This  was 
baaed  on  the  measured  shear  wave  velocity  of  0,098  in/pssa  of  past  silver- 
infiltrated  samples  of  equivalent  density  by  the  same  manufacturer. 

Radial  Shot  -  Immersed 

A  radial  inspection  was  performed  on  the  uatapered  section  of  the  billet, 

No  defects  other  than  the  drilled  holes  ware  found,  No  attempt  was  made  to 
inspect  the  'tapered  section  of  the  billet  either  radially  oar  by  chord  shot,, 
since  this  would  involve  a  very  complicated  and.  lengthy  inspection  procedure. 

Normal  Incidence  -  Contact 

Contact  testing  at  normal  Incidence  only  was  employed  to  see  if  the  auto¬ 
mated  inspection  data  could  be  correlated.  Correlation  was  obtained  but.  with 
the  same  difficulties  reported  in  our  Phase  I  report, 

(B)  Billet  AG  2231A 

Normal  Incidence  -  Immersed 

rf his  billet  was  Inspected  in  a  manner  similar  ‘to  that  of  AG  2230A',  Namely,* 
top  up  and  bottom  up,  Figures  3  cad  4  shew  the  actual,  inspection  results,  To 
save  time,,  the  flaw  gate  was  set  to  record  all  defects  of  sufficient  amplitude 
from  a  depth  of  0,5  inches  to  5«0  inches,  rather  than  in  depth  increments  of 
one  inch.  In  addition,  binder  head  screws  rare  taped  around  the  circumference 
of  the  billet  at  30°  increments  tc  obtain  a  more  accurate  location  of  "defective" 
areas.  These  can  be  seen  in  Figures  3  end  4  as  circular  outlines.  This  is  a 
much  more  accurate  means  of  flaw  location  on  round  billets.  If  one  had  a  number 
of  these  billets  to  inspect,  a  hinged  prefabricated  plastic  appliance  could  be 
made  to  fit  around  the  circumference  of  the  billet.  This  would  not  only  facili¬ 
tate  flaw  location,  but  it  would  also  help  reduce  "edge  effect". 

Shear  Wave  (Chord  Shot}  -  Immersed 

In  the  I’hese  I  report,  we  reported  two  cracks  located  at  approximately  <P 
and  l6o°.  Apparently,  the  0°  reference  has  been  changed,  because  new  the  two 
cracks  were  found  at  approximately  90°  and  270°,  In  addition  to  the  two  cracks, 
there  wore  two  distinct  bands  of  "crud"  located  approximately  one  inch  and  four 
inches  down  from  the  top  surface.  The  term  "crud"  ie  used  because  we  can’t 
classify  the  observed  oscilloscope  indications  as  discrete  "defects".  The  indi¬ 
cations  are  multiple,  in  nature  and  of  varying  solitudes.  They  appear  at  the 
«nra*»r  depth  each  time  as  layers  of  many  small  defects.  The  indications  are  similar 
to  those  obtained  from,  small  multiple  inclusions,  porous  areas,  variable  grain 
sisse,  or  variable  density  areas.  Very  seldom  is  even  one  of  the  individual  indi¬ 
cations  equivalent  to  a  #3  FBH, 


Normal  Incidence  »  Contact 


Contact  testing  of  this  billet  correlated  the  data  we  obtained  using  the 
immersion  method.  She  two  "bands"  could  also  'be  detected, 

(Cl  Ultrasonic  Results;  .effects  Noted 

BILLET  AN31S  OF  MS33EBCE  BISECT  MC&TION 


AG2230A 


/■•:<2231A 


Normal 

It 

tt 

20°  Chord 
Normal 

Normal 

20°  Chord. 


20°  Chord 


DEPTH 

RADIUS 

ANGLE  331 

(in  inches  from 
top  surface) 

(in  inches) 

DEGREES 

4*75 

2,5 

10° 

3, -.6 

2*5 

.15° 

2,5 

3,25 

50° 

6„o 

3.5 

3j6S° 

Defect  arena  too  numaror’s  to  tabulate* 
Refer  to  Figures  1  and  2 


Defect  areas  too  numerous  to  tabulate,. 
Refer  to  Figures  3  and  4* 

2  cracks  at  approximately  90°  and  2T0° 
extending  radially  tea  X,D„  in  varying 
amounts*  Also  extending  axially  from  top 
to  bottom  surface* 

Bund  of  "crud"  varying  in  width  from  0*5 
inches  to  1*5  inches*  1  inch  down  from  the 
top  surface*  In  addition,  there  were  many 
small  areas  too  numerous  to  tabulate* 


vB)  Discussion  of  Inspection  Results 


Ths  only  defects  which  we  found  equivalent  to  or  greater  then,  a  #5  FBH  were 
the  two  cracks  in  AG2231A*  Defects  in  AG2230A  actually  found  to  be  equivalent  to 
a  #3  FBH  were  located  at  10*  150,  165,  l8o,  210,  220,  and  290  degrees*  These  ware 
found  shooting  at  normal  incidence,  top  up,  (Figure  1),  All  other  defects  were 
smaller  in  solitude  but  large  enough  to  record* 


Several  photographs  of  the  observed  oscillograms  were  taken  to  clarify  state- 
meats  unde  in  this  report*  Keep  in  mind  that  the  Xmmerscope  sensitivity  was  set 
to  obtain  100#  signal  amplitude  from,  a  #3  FBI,  but  the  recording  level,  was  set  to 
record  at  a  50#  amplitude  level*  This  is  necessary  in  order  to  obtain  recordings 
of  marginal  defects*  Figure  5  shews  an  area  at  15°  in  AG2230A*  Two  distinct 
defects  can  be  seen  at  depths  of  3„6  and  4*8  inches*  Since  both  defects  ere  leas 
then  5 0$  amplitude,  neither  would  be  recorded.  Now  refer  to  Figure  6  «»  on  the 
asm  scan  at  an  angle  of  10°,  one  defect  is  increasing  in  amplitude  as  the  other 
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is  aecxeosinSo  The  lEcgs.  top?ij.6-vsE.e  r  :U‘,P'  X  J  j  »«e  i  ever  jV‘g„  .if  o/i  indexing 
increment  of  0.0$0  .*jc«J*«sb  c«r  ie.«.s  is  \.m&  tbs  defer*  will  cSUuu’ly  coo*  on  the 
recording,  tab  if  lunger*  :■  i:tl< 'ting  ittia->.'.:fcbts  sre  u-u  '  it,  t.  ix’ld  fee  easily  miast.1*!, 
A  good  "rule  of  thutih"  ;ia  '•hvt  the  ensilfe'Vfc  desircn  :.:*«•..■! 
be  recorded  oa  a  asiitfnrai.  </  three  #roccees:!ve  iudtx  Jn- re  cento.. 


be  t'e‘>*ecte>l;  should 


Since  the  word  "cr-d  .to  rot  very  3ci1a2.ti.fia.  FJ'jrre  7  will  possibly  help 
define!  it.  This  is  ta  osvrittogrom  of  an  t-rxa  in  AG^’iOA  ft.  210c„  Hots  too  vary** 
Ing  aagplitude  and  b  tsaline  noise, 

figure  8  shows  u  real  nice  "defect"  in  >\G22?0i  at  1%C°  at  a  deaths  of  3c 5 
inches..  It  is  really  an  accidental  "booty  trap"  which  css.”,  throw  ;:;n  inspector 
behind  schedule..  This  usa  an  all'  bubble  oa.  the  0„!&0  of  tie  billet*  Only  a  very 
small,  section  of  the  0.-5  inch  transducer  was  b -yonfl  the  edge  of  the  billet.,  By 
the  way,  it  was  equivalent  to  a  $5  SBE, 

S,  Longitudinal  Velocity  of  Sound  Measurements 


The  longitudinal  velocity  of  the  A0C  Reference,  StenSsrd,  and  the  two  billets 
was  measured  using  the  contact  tto:u~ray  seethed  c  frequency  of  3  me*  ESxara  was 
no  noticeable  change  in  velocity  thru  3^0°  rot a.t  .or-  cf  each  billet*  2Sae  follow® 
lag  velocity  values  were  obtained.  The  measvreaait  accuracy  is  butter  than  1$„ 

Mata.-ri.al  fin/, ran) 


K’-G  Heference  Standard  o,  I8i 

AG2230A  Chiap 

1G2231A  Oul89 


SUe^se  I  radiographic  r@3u3.-es  reyoarbad  by  1’.L?'4  HiD.  2CEDL,.  und  IGL  iadl®* 
eated  that  the  two  billets  contained  areas  of  low  density  Va  I/ov-,  bean  unable 
to  determine  density  variations  in  either  the  uKjjfilfevfe-d  nor  the  infiltrated 
condition  by  longitudinal  ■velocity  mas^aremstitsc  SMb  verifies  Apr*..  dig  n  of 
the  hijase  £  Report,  It  also  shows  the  need  for  rsj&iogrrjdw-,  if  varieii*  density 
is  cause  for-  rejection. 

3o  Grain  Size  UstsKiinatiou 

This  laboratory  did  not  attempt  -co  make  a  givto  «:ti-v  detaviius.fe.ca  c»  iyf  of 
the  billets  used  in  the  Round  Robin,.  Wa  do  not  feed,  tterf-  -those  billets  are  j.*,pre-» 
aentative  of  current  manufacturer  ’  s  production  capabilities „ 

Grain  stee^  is  determined  by  measuring  the  ultrasatiV!  attenuation  at  varied 
frequencies  in  the  range  of  3.  me  to  25  mc«  The  rasultaut  measurements  are  of 
little  valsse  unless  a  set  of  reference  standards  am  available  for  ccaqparieon.*  Sine 
the  Extenuation  would  be  affected  by  porosity,  iwlusicata  winfiltrated  areas* 
silver ^rich.  areas,  surface  finish,  us  well  ae  grain  sist;,  there.  vauld  be  no  nondes® 
tractive  method  of  verifying  the  ultr-eodie  results.. 


2  -J,  B«  Morgan,  "Gliarasoaic  Testing  Standards  fesr  B-seel  £'*oducts  , 
Testing,  20P  #3,  167,  (iJoS) 
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Honda  struct* we 


h,  /  lr ?f  errod  toctj  ftoieibU'C 

in  -wJ-  our  past  isviv:-.:  cions  o£  the  roooa  rohio  jiUec-,  v.o  used  tcha  coai/ea- 
tAr-osl  lujukod  <*•  gain  su?1:  ;*•  100$  tcVleeted  to-ip-iab  0,*- J '  hue  iVoa.  .1  ,TT!5  iotc.tsd 

afc  the  wwdUman  depth,  of  ir-ipeoBlon.  It  fchu  ststarlstl'.  cento  in,-*  u -u,;  deJ'&ete,  the 
inspected*  is  required  to  r->jh?cfe  each  defect  iadj.oat  •'  c*c ,  l  fcati  ia'ea  ac-axM&ezti  c? 
both  a3.ee  and  depth.  *£hJ&  requires  a  ecmsplefee  oe*.  r>'  cefe/eato  sL'axfderds.  dot 
only  is  this  time  eonsu»4.Uy.  but  requires  "-epe^'cad  vokojurtoevv  of  bVb.  fha  oquxj*. 
aatt  gain  and  the  fcreBSdv.cArr,  thereby  increasing  the  r.eol-woJlty  of  v>t  ovs  sod 
iuo.re'acing  inspection  time,. 

%•  :•  nhc-jK-e.O  rePec teuce  at&edard  t-hicn  '  *»e  4t\ppli*j.  wj  -H/I  for  Udo  puriiculat 
>4  :jie  Round  Robin  enabled  00  to  taw  cad-  ’-he  cat^^eUc  ci-ui-oeeation  of  *xui 
Vo..;  «>»a"c  ?•?  dejith  afthad  u*  .inepoci  irn..  ®w:  li-c'.u'O.cye  cos*  fee  i!t-j«ch»u  to  psidVra 
melt  an  .lr.3pceid.0a  by  ut?J.5  ijjjg  ih'2  "lanoixisrit'/  Xicr  Cord  v**.  {bid.'-).  J'ofc  w-L2 

ul'TvO'  .io  fee&t  iostroEeot.'  topve  this  oBpabil?  tv. 

:•••;  !>:o’:Vo*mc^  cewmd  tsra*.s  to  t:  seer  tain  the  ,’cl.u  bilU./  ov  u^ircotalli  <:,> 
o-’  thi;.  tost  asrithcd  t:»  the  inspect! .a  ol  iv-agetra  _v.Deti.,.  tot,  ore  as  *oJ leer s 

n  Vnsec'  aluoJtns?  Levi.  bloc.tec  turc  usde  .*>.  l .'Jit  laboulov;," ,  5a, ob  ttssfc 
oUe*.  "'id  ii3cii«3  I.u  diema-ter  fad  contained  a  0,  ;<  toch  d #tp  ,■  u  l‘Vdi  •/;>  the 
c-roiur  ?t  one  <acA..  ‘1:j?  Heights  of  ebe  bloclc  cere  1*5,  3  5  u.;!  6.5  inches.  the 
top  lK  h-.-irtai  md'oecs  wcv*c  lcoiatasaeil  parallel  *»r.d  the  *•  a  fees  fininb  t<i.3  cqtU"-' 
v .Vi «?..•«.  :•  thi-i;  of  fil>e  infiltrate  h  Hagstea  billets, 

jicxiUcope  SerwM  i.wity  tad  JJKC  centrola  "e.*<?  „d,1r..tac  to  ,/iu.z  100# 

*• .  !•;•.•;.  id  fc^4peal  aejiHtcde  fma  tbs  ^3  I-'BH  in  beth  the  A ,.  f>  w .  inch  <®ci 
bloc  .3  -.  •-uiii'.i.JSJiing  a  constant  v.ia  path  of  h  atehea  U  xtduce;*  >»od  vhea 

le.viUd  y-Ai-  iha  5„5  .Inch  tost  bij&ck  (watap  path  of  3  iacuo)  ao  appyec'i&ble 
co'. ’i,rv  »•>  r»s?J.i?etod  aigtibl  eiuplitTl.,  'ms  noted  Mns*  r >.y.v' '  '  r\.  31,  wj.  II.  $hl& 
C'i-:-sr  to’  -  "8’SEe"  co.re<.'.cx.  Unenyly., 

.  ,<d>w  .UAO  WA«U  iplcyc^  'to  dil4V4l,  tin*1  kvO0.tji  „>.  ».««.  listed,  Aii  t.'V*,  ,<t  ti 

iooc'hj •  It  has  a  ciwl-ar  eSsr-cujt  ehich  in  called  "touae  Co/Trcted  Gain1’  (d03?„ 

t  'die  effect  a?  •nsta’path  length  on  cssaitSiritj  csiog  g'jJC"  uas  inveeti- 
gai.cf .  '<•;  found  th»t  unless  a  constant  uatw  path  Is  sraiataiJvhd  whil-?  cd^’Jating 

to-.  2-inipj.isat  and  also  during  the  inspsct5.ont,  th^&vhcd.  1*  mtaULd.  ‘Jthia  can  be 
scon  bv  cf.iBp&riag  F4g»jre  12  with  Figinre  %  end  Figure  3-3  '  a  to  Figure  10, ,  itor 
Cuxo  .»-« ’::3<inx  tbs  lnfUtrated  AGO  rei'ereace  standard  S.&  no;  declarable  gov  imsvuixm 
•c-sscicf,  but  would  be  adequate  for  oco&aet  tecUns  U«  reccuaasead  a  etiippedRaParenee 
stcal'ii-ci  ’{•"  vide  £>y  9  long  with  each  step  be?.ag  3 '  :•:  V‘  cad  having  &  depth  c-f 
1»  3  5  red  6 ,,5  Inches  j-asp30tlvelyt.  3Jhe  flat-  bottom  holer  should  be  drilled  0-§ 
ln>:h<a  da-.p  on  the  underside  of  cacl.  steoj  eawfc  st-3p  to  contain  a  #3f  a  5  and  #8 
Ffiy  ’dth  ,t  inch  pacings  between  holes  aligned  ccroae  the  ’iidtfe  of  idle  blocfe. 

S-J.-3  -  j  38  With  irhls  ^pa  of  reference  st^nd^ard,  thr  trunsdocmf  tc  top  sw« 
to--»  vu  ft jnce  would  b>  constant,  T*.  r»aa  »•<£»•'•  no  for  the  W  refet,e».ie  standard* 

«..  '?hs  advantog*  of  o^lng  "Sff"  can  ftulily  bs  »e<s*  ’’han  e  compr-Tison  of 
I Vi  and  3.5  ts  >-.*vdc*..  SEbe  figure  1^  oscillogram  rh&vs  a  series  of  defects 
afc  a  dep.th  of  l  to  2  inches  in,  the  ACM?  reference  stanflaj-d.  when  v?e  had  adjusted 
oijr  i;«ndpasnt  for  loop  rafleeted  signal  aagdltode  of  the  ^3  FBH,  »>  inches  from 
the  top  surface*  *Ph9  figure  15  osclUo^r-um  wes  ts-hen  witl;  the  STC”  .In  the 
c?j  c*.3v..  IVM-fe  that  the  "defects"  which  An  ?i-jurs  lfc  a pj c-arc J  Ao  be  eqaimlent 
to  a  Jf?  diB  no  longer  esdofc.. 


We  carried  our  tests  one  step  further  to  ascertain  reliability  sad  repest- 
ability  of  this  method*  We  found  that  each  of  as  could  set  up  the  "SSK5"  iadepea- 
dently  and  obtain  the  seme  dial  settings *  Also,  that  tee  Immsr scope  gala  was 
stable  enough  to  merely  reset  the  equipment  dials  to  the  settings  we  obtained 
from.  the  initial  adjustment*  We  checked  this  repeatability  against  the  reference 
standard  several  times  each  day  for  a  period  of  five  days  with  no  noticeable 
change  in  dial  settings * 

d*  Since  chord  shots  (shear  wave)  wre  necessary  in  this  program,  it  would 
t>2  desireable  to  have  a  reference  standard  for  this  particular  inspection,..  ‘fhrough*’ 
cut  this  round  robin  program,  we  have  been  unable  to  really  .justify  the  equipment 
gain  setting  vie  used  for  the  chord  shots,  because  the  drilled  holes  were  never  in 
■fche  same  location  far  each  billet*  For  this  reason  we*  are  not  certain  whether  we 
have  been  over»inspecting  or  under "insp  acting  0 

Also,  va  found  -that,  when  inspecting  axially  at  normal  incidence,  the  billet 
should  be  inspected  with  bote  "top  up"  and"bottcsa  *£>"*  Defects  were  found,  which 
from  one  axial  direction  ware  much  smaller  teen  a  #3  KBH*  Shis  was  with  S SC,  It 
may  indicate  teat  defects  have  a  different  shape  as  viewed  from  top  and  bottom* 

Summary 

1.  We  are  able  to  detect  defects  somewhat  smaller-  than  tee  erea  of  a  #3  FBH  at 
a  depth  of  6  inches  in  silver  infiltrated  tungsten* 

2*  ho  significant  change  in  sound  velocity  was  observed* 

3*  Grain  stee  determination  by  an  ultrasonic  attenuation  measurement  in  large 
billets  is  possible  but  too  many  other  variables  can  effect  'She  data  obtained* 

k0  Adequate  reference  standards  era  required* 

J*  Automatic  compensation  of  gain  for  defect  depth  in  immersion  inspection  system 
is  superior  to  any  other  ultra  son?,  c  method* 
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Fig  5  -  Defects  in  AG2230A  at 
15°  at  depth  of  3.6"  and  4.8" 


Fig  6  -  Same  defects  as  above 
but  at  10° 


Fig  7  -  Area  in  AG2230A  et  210 


Fig  8  -  Air  bubble  at  1^0°  on 
AG2230A 


Fig  9  -  #3  FB.H  1"  down  in  Al, 
4"  water  path,  -  using  Immer- 
scope  "STC" 


Fig  10  -  #3  FBH  3"  down  in  Al, 
4"  water  path,-  using  Immer- 
scope  "STC" 


Fig  11  -  #3  FBH  6"  down  in  Al  4"( 
water  path  -  using  Inunerscope''STC' 


Fig  12  -  #3  FBH  1"  down  in  Al, 
9"  water  path,  using  Immerscope 
"STC" 


Fig  13  -  #3  KBH  3"  down  in  Al  7" 
water  path,  using  Immerscope  f'STC" 


Fig  14  -  jr3  5"  down  in  AGC 
Reference  Standard,  Irnraerscope 
with  no  "SIC" 


Fig  15  -  #3  FBH  5”  down  in  AGC 
Reference  Standard,  limner scope 
with  "STC" 


